The long gamma-ray burst (GRB) rate is essential for revealing the connection between GRBs, supernovae and stellar evolution. Additionally, the GRB rate at high redshift provides a strong probe of star formation history in the early universe. While hundreds of GRBs are observed by Swift, it remains difficult to determine the intrinsic GRB rate due to the complex trigger algorithm of Swift. Current studies usually approximate the Swift trigger algorithm by a single detection threshold. However, unlike the previously flown GRB instruments, Swift has over 500 trigger criteria based on photon count rate and additional image threshold for localization. To investigate possible systematic biases and explore the intrinsic GRB properties, we developed a program that is capable of simulating all the rate trigger criteria and mimicking the image trigger threshold. We use this program to search for the intrinsic GRB rate. Our simulations show that adopting the complex trigger algorithm of Swift increases the detection rate of dim bursts. As a result, we find that either the GRB rate is much higher than previously expected at large redshift, or the luminosity evolution is non-negligible. We will discuss the best results of the GRB rate in our search, and their impact on the star-formation history.
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Introduction
The extraordinary luminosities of gamma-ray bursts (GRBs) and their connection with the deaths of massive stars (e.g., [1, 2] ) make long GRBs unique and independent probes of the cosmic star-formation rate (SFR), especially at large redshifts where it becomes difficult for other methods. Many efforts have been done to map out the intrinsic cosmic GRB rate as a function of redshift from current observations (e.g., [3, 4, 5] ). Results from these studies suggest that the cosmic GRB rate generally follows the shape of the cosmic SFR at low redshift. However, at large redshift (z 4), several groups have suggested a higher GRB rate than previous expectation based on former measurements of the SFR [3, 4, 5, 6] .
All of the current researches about GRB rate adopt some kind of estimations for the survey sensitivities of the instruments for GRB observations. A single detection threshold is the most commonly used approximation for estimating the survey sensitivity. This is generally a good assumption for GRB instruments prior to Swift. However, unlike previously flown GRB instruments, the Swift Burst Alert Telescope (BAT) adopts a much more complex trigger algorithm in order to maximize the number of GRB detections.
BAT has over 500 different rate trigger criteria based on photon count rates. Each rate trigger criterion adopts a different signal-to-noise ratio threshold, different foreground/background time periods for calculating the signal-to-noise ratio, and covers different energy band [7, 8] . After an event is triggered by one of the rate-trigger criteria, an image will be generated for further confirmation and localization. During this imaging process, an additional signal-to-noise ratio based on the real image will be calculated. A rate-triggered event will be confirmed as a real detection if (1) the image signal-to-noise ratio is higher than the image threshold (signal-to-noise ratio 7.0), and (2) the event is compared with current on-board sky catalog and no known source is found to be at the event location.
Additional to the rate trigger process, a burst could also be found by an independent "image trigger" process, in which regular image is generated by BAT every minute or longer to search for dim GRBs that are missed by the rate trigger.
In order to search for a more robust cosmic GRB rate and study possible systematic effect due to the complex trigger algorithm of BAT, we developed a code that is capable of creating mock observed GRB light curves based on adjustable bursts properties, and simulating the BAT trigger algorithm for the first time, including simulating hundreds of rate trigger criteria and mimicking the image threshold. We will use this "BAT-trigger simulator" to search for a cosmic GRB rate and luminosity distribution that generate a mock-triggered sample that can reproduce the observational GRB characteristics.
Comparing with the BAT's sensitivity
To test whether our program correctly simulates the complex BAT-trigger algorithm, we compare the GRB peak fluxes of the "triggered" bursts in our simulation to those measured from the real GRBs detected by BAT. Fig. 1 shows peak fluxes of the real BAT-detected GRBs (panel a) and the simulated bursts (panel b), with respect to the grid ID of the detector plane. The grid IDs are simply the number labels on the detector plane, and thus correspond to the incoming angles of the bursts relative to the normal axis of the detector. Each point in the figure represents one burst. Blue dots in the plot indicate GRBs detected by rate triggers, while red crosses represent bursts found by image triggers. Results show that our trigger simulator can detect GRBs with fluxes ∼ 10 −8 erg s −1 cm −2 for directly on-axis bursts, and fluxes ∼ 10 −7 erg s −1 cm −2 for extremely off-axis events, which is very similar to the real BAT sensitivity. 3 Results of the best-fit parameters and comparison with the star-formation rate
We adopt the functional forms of the GRB rate and luminosity functions in [5] , and modify the input parameters in those functions until the mock-triggered sample matches well with observations, particularly for the redshift and peak-flux distributions. Figure 2 shows the comparison of the redshift distributions between the mock-triggered bursts and real observations. The comparison between our best-fit cosmic GRB rate and the shapes of the cosmic SFR from [6] and [3] can be found in Fig. 3 . The SFR from [3] is based on the SFR in [6] , but with correction at high redshift inferred from GRB detections. Our best-fit GRB rate is plotted in red line. The green and blue lines in the figure show the GRB rates that strictly follow the shapes of the SFR from [6] and [3] , respectively. The normalization of the green and blue lines come from fitting with real GRB observations by including luminosity evolution. Comparison between the cosmic GRB rate from our best-fit sample (red line) and the cosmic GRB rates that follow strictly the shapes of the SFR from [6] (green line) and [3] (blue line). The GRB rates that trace the SFRs can generate results match well with observational data if luminosity evolution is included.
The red and blue shaded regions in Fig. 3 show the uncertainties of our best-fit GRB rate and the SFR from [3] , respectively. For our best-fit GRB rate, the uncertainty is quantified by modifying the parameters in the GRB rate function around our best-fit set of parameters until results no longer match well with observations (i.e., with statistical significance level < 90%). The uncertainty of the SFR measurements from [3] is quantified by [11] by taking into account the scatter of data. Results in Fig. 3 show a clear divergence in the shapes of the GRB rate from the SFRs at z ∼ 4. The SFRs, even the one from [3] , decline much faster than the GRB rate found in our best-fit sample.
Conclusions and discussions
There are several possible explanations for this high GRB rate at large redshift. First, this could suggest an even larger SFR at high redshift, which implies that most of the star formation activities at high redshift probably come from low-luminosity galaxies, and thus measurements of the SFR based on galaxy observations might underestimate the true rate. Alternatively, a high GRB rate at early times can also be explained if the fraction of GRB-related supernovae changes as a function of redshift. That is, if there are more supernovae accompanied by GRBs at high redshift, one could get a higher GRB rate without adjusting the SFR.
Another possibilities would be the luminosity evolution. We found that by allowing the GRB luminosities to evolve with redshift (L ∝ log 10 (z)), both of the GRB rates shown as blue and green lines in Fig. 3 (i. e., the GRB rates that follow the shapes of SFR from [3] and [6] , respectively) can produce results that matches well with observations.
